Hypercholesterolemia was induced in pure-bred dogs by cholesterol feeding and propyltliiouracil or radioiodine. Hypertension induced by the injection of silica into the renal artery increased the severity of aortic atherosclerosis. Marked hypercholesterolemia increased the severity of aortic atherosclerosis even in normotensive dogs.
W HILE it is a well-founded clinical observation that the presence of sustained arterial hypertension is attended lay an increase in the rate of development of arteriosclerosis, at the time these experiments were initiated, there was little experimental evidence available on this relationship. Recently, Wakerlin 1 and associates have demonstrated in dogs the acceleration of arteriosclerosis in the presence of hypertension.
The experiments reported here were designed to determine the role, if any, of chronic hypertension on the rate of development of atherosclerosis in dogs with hypercholesterolemia and to relate such role to variations in the cholesterol partition, cholesterol lipid-phosphorus ratio and the lipoprotein pattern of the serum. METHODS The dogs used in this study were pure-bred Basenjiis from stock obtained from the Jackson Memorial Laboratory at Bar Harbor, Maine. To avoid genetic variations, no mongrel dogs were included. Prior to beginning the experiment, all dogs were prepared with an exteriorized carotid artery to facilitate the determination of systolic blood pressure without anesthesia by palpation of the artery distal to an occluding pneumatic cuff. All animals had systolic blood pressure determinations at weekly or biweekly intervals throughout the study. Groups I and III were made up of dogs approximately one year of age at the start of the experiment. Group II animals were six months old at the outset. After a three-month control period, hypercholesterolemia was produced by feeding 5 Gm. of cholesterol mixed with horse meat daily. In addition, all animals received approximately one-half pound of beef suet and onehalf pound of cooked pork liver twice each week. Friskies mash in ad lib quantities provided the basic diet. Group I animals also received 0.4 Gm. propylthiouracil daily throughout the experiment. Group II animals received, in addition to 5 Gm. of cholesterol daily, a single dose of 1 millicurie of radioiodine (I 131 ) per pound of body weight at the beginning of cholesterol feeding. Group III animals were not given any antithyroid preparation but were kept on 5 Gm. of cholesterol daily throughout the experiment.
Hypertension was produced in three animals from each group six months after the onset of cholesterol feeding by the injection of finelydivided silica (0.02 to 0.05 micra) into both renal arteries at laparotomy. A preliminary study of this method of producing arterial hypertension 2 has now been extended to 34 dogs. Littermates in each group were paired as hypertensive and non-hypertensive animals. The nonhypertensive littermates were shamoperated and the renal arteries were exposed but no silica was injected. 243 Circulation Research, Volume II, May 1054
At monthly intervals for three months prior to cholesterol feeding (while the exteriorized carotids were healing) and at biweekly intervals thereafter, free and total serum cholesterol 3 and lipid phosphorus 4 determinations were made. Just prior to the onset of cholesterol feeding and at irregular intervals thereafter, the ultracentrifuge lipoprotein pattern, using the technic of the National Heart Institute Cooperative Study, 6 was determined through the cooperation of Dr. Martin Hanig of the University of Pittsburgh, Department of Biophysics. The nonprotein nitrogen, serum albumin and globulin, and Bromsulphalein retention were also determined at intervals during both the control and the experimental period.
Termination of this experiment was planned by sacrifice of the hypertensive and nonhyper-tensive littermates in each group at intervals varying from 6 to 18 months after the onset of hypertension. Depending upon the preliminary data available from the animals included in this report, additional littermate pairs of Basenjiis were to be added to the program until data on at least ten pairs in each group were available.
However, approximately five months after the injection of silica, a nonimmunized dog from the colony of another laboratory was improperly transferred to the animal quarters housing the Basenjiis, and a violent epidemic of distemper-hepatitis flared. Attempts to control and to prevent the spread of the disease failed; and in a period of six weeks all the Basenjiis, including both the control and the hypertensive groups, and dogs being prepared for the study, either died or were sacrificed in extremis. Most animals developing this infection died within 48 to 72 hours after the onset of symptoms. A few, however, were lethargic and anorexic for 5 to 10 days before entering an abrupt terminal phase lasting 24 to 48 hours. Because of the serious illness of the animals in this terminal phase, valid laboratory data on the blood findings prior to sacrifice or death are not available. However, autopsies were performed on these animals, and the extent of the atherosclerotic lesions of the aorta was graded on a . 1. to 4 plus basis, depending upon the extent and severity of the aortic lesions. This grading was done first on the fresh aorta and then repeated after several weeks of formalin fixation by observers not having access to the experimental regimen of the animal under study.
Since this experiment terminated unsatis-factorily, a similar experiment using a colony of mongrel dogs was attempted. However, the spontaneous variations in blood pressure and cholesterol partition obtained during the preliminary control period, and the inability to obtain accurate ages and littermate pairs for the experiment, influenced our decision not to continue the program.
RESULTS
Tables 1, 2, and 3 record the monthly mean values for cholesterol, lipid phosphorus, lipoproteins and systolic blood pressure obtained. These data indicate that during the control period the animals in all groups had similar systolic pressures, cholesterol and lipid phosphorus values. After two months of 0.5 Gm. of cholesterol daily into the diet, group I animals (also receiving 0.4 Gm. of propyl- thiouracil daily) demonstrated a sharp rise in cholesterol and lipid phosphorus levels and an increase in St 12-20 and Sf 20-100 levels. Group II animals on a similar cholesterol regimen received 1 millicurie of I 131 per pound of body weight at six months of age and demonstrated a much less marked elevation of cholesterol, lipid phosphorus, and Sf 12-20 and St 20-100. Group III animals received cholesterol but no antithyroid therapy and evidenced little increase in cholesterol and lipid phosphorus levels after six months but did have an increase in Sf 12-20 and Sf 20-100 lipoproteins.
At the time of autopsy, all three groups of animals with comparable hypertension (dogs A, B, C) demonstrated significantly more atherosclerosis than their normotensive littermates (dogs A', B', C).
The group I hypertensive dogs demonstrated the most marked atherosclerosis and had mean total cholesterol levels two to four times higher than those in groups II and III. The group I animals also had much higher levels of Sf 12-20 and 20-100 lipoproteins. Conversely, the group III animals with lowest mean total cholesterol levels evidenced the least atherosclerosis at autopsy. The hypertensive animals in groups II and III with moderate and minimal hypercholesterolemia respectively all demonstrated greater atherosclerosis than did their normotensive littermates. Varying levels of hypercholesterolemia were produced by feeding 5 Gm. of cholesterol in horsemeat daily to dogs (a) receiving 0.4 Gm. of propylthiouracil daily (group I); (b) having received 1 millicurie of I 131 per pound of body weight at 6 months of age (group II); and (c) receiving no antithyroid medication (group III).
After a six-month control period of cholesterol feeding, reasonably comparable levels of hypertension were produced in three animals in each group by the injection of a suspension of 5 mg. of white silica into both renal arteries. In each group, sham-operated littermates of the hypertensive dogs were subject to the same feeding regimen.
Five months after the induction of hypertension, all animals in this study died or were sacrificed in extremis as a result of uncontrollable distemper-hepatitis epidemic. At autopsy the degree of atherosclerosis was graded from 1 to 4 plus, depending upon the extent and severity of the lesions.
As summarized in table 4, animals with hypertension demonstrated significantly more atherosclerosis than did their normotensive littermates. Marked hypercholesterolemia was associated with more severe aortic atherosclerosis in both hypertensive and normotensive dogs than in those with mild or moderate elevations of cholesterol. CONCLUSIONS Atherosclerosis in dogs is enhanced by hypertension induced by the injection of white silica into the renal arteries.
Atherosclerosis is furthered by marked hypercholesterolemia induced by propylthiouracil and cholesterol administration in both normotensive and hypertensive dogs.
